Pulse propagation in a photodissociation iodine laser amplifier and saturable absorber are investigated by the use of semi-classical treatments.
Based upon the numerical integration of the semi-classical equations, the effects of the linear propagation loss and of the input pulse energy on nonlinear pulse amplification are discussed. From our calculations, it has been made clear that the pulse showing stable propagation through the amplifier is the one having a pulse area of 2.467r and which extracts energy efficiently from the amplifier.
It is also shown that there is a close relation between the peak power of the propagated pulse and the rise time, and that the disadvantages of nonlinear amplification can be eliminated. In treating energy absorption, the results we obtained provide a good fit with those obtained experimentally.
Our semi-classical equations are useful for analyzing pulse propagation in a complete iodine amplifier system with a saturable absprber.
Introduction
The iodine photodissociation laser, as well as several other lasers, such as CO2, Nd-glass, and HF chemical lasers, are now of interest in connection with fusion experiments and laserproduced plasma. To be able to carry out laser fusion experiments, master oscillator and energy amplifier systems producing high-power, shortduration laser pulses are required.
The iodine laser system stores a large amount of energy in the amplifier Stage'', and its wavelength of 1.315 p m is longer than one would like for laser fusion, but it is acceptable. Also, as in all gas laser systems, due to the optical homogeneity which exists in the amplifier stage, a large tube diameter amplifier must be used to obtain a large amount of energy from the amplifier. Many workers have been actively studying the iodine laser system which consists of an iodine master oscillator being able to generate short-duration laser pulses and of energy amplifier stages. A short-duration oscillator pulse on the order of 1 nsec fed into a chain of amplifiers has been obtained either by the mode-locking method-4', or by the pulse cutting methods'.
Amplified spontaneous emission in the whole amplifiers can be eliminated by control of the stimulated emission cross-section through pressure broadening using a suitable buffer gas6'. In 1976, E. Fill" developed a saturable absorber for iodine laser systems using thermally dissociated iodine atoms to prevent the generation of amplified spontaneous emission in the amplifier stage.
generate ,pulses of 100 psec duration or less. The other problem is the avoidance of the linear bandwidth limitation of the iodine amplifier.
Regarding the iodine oscillator, studies utilizing the Free-Induction Decay phenomena have succeeded, as in the work done by E. Fill8'. The
Free-Induction Decay phenomenon arises from nonlinearity laser active material due to coherent interaction between the field and the active medium. Although much is known about certain phenomena which are very important in iodine laser systems, considerably less work has been done on short-duration pulse propagation through . the iodine amplifier and the saturable absorber involving the occurence of coherent interaction between the propagated pulse field and the materials. It is important , to understand short-pulse propagation in iodine laser systems in order to be able to estimate the output energy and to determine the pulse shape emerging from the iodine laser system.
What 'must be remembered in the theoretical analysis of short-pulse propagation in the amplifier or in the saturable absorber is to treat any nonlinearity of the laser medium. In particlar, when one must treat a short-pulse having a width comparable to or shorter than the transverse relaxation time of the amplifying or the absorbing medium, the coherent interraction phenomena between the propagated pulse field and the medium are unable to be neglected. In the case of dealing with such short-pulse propagation in the amplifier or in the The subscripts i, j represent the hyperfine levels in the 2P12 and 2P3/2 levels ; i.e., i equals 3 or 2, and j equals 4, 3, 2, or 1.
(10) The initial conditions of population distributions are as follows : Thus, the apparent propagation linear loss term of equation (1), which results from the beam cross-sectional area enlarging effect must be taken into consideration.
Assuming that the beam cross-sectional area (S cm2) is expanded exponentially with an optical system from So (cm2) to Saz, (cm2), as the input pulse propagates through the amplifier from amplifying length az =0 to az = az, (a discussion of the amplifying length is given in Ref. Therefore, the total energy obtained from an amplifier with a large linear loss is larger than that from an amplifier with a small one. Figure  8 shows the effect of the input pulse energy on the propagated Fig. 7 The effect of linear loss on the propagated process of the pulse field area defined as A =1/ h f3H di. Fig. 8 The effect of the input pulse energy density on the propagated process of the pulse field area.
•\ 8•\- and in the case of 1/ T2 being 10 GHz,
The limits of coherent interaction which must be considered for short-pulse amplification in an iodine laser amplifier system are shown by these equations. 
